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ABSTRACT
Several  studies  have  recently  focused  attention  on  ass’s  milk  (AM)  due  to  its  special  composition  and  nutritional  prop
erties,  which  are  very  close  to  human  milk.  Whenever  a  mother  cannot  breastfeed,  or  chooses  not  to  breastfeed,  or  the  
child  is  intolerant  of  cow’s  milk  (CM),  the  use  of  a  human  and  CM  substitutes  must  provide  the  best  option  to  meet  the  
nutritional  and  health  needs  of  the  infant.  The  authors  reviewed  all  the  published  studies  about  AM  tolerance,  safety  and  
HI¿FDF\LQWKHWUHDWPHQWRILQIDQWVDQGFKLOGUHQZLWKDIRRGDOOHUJ\LH&0SURWHLQDOOHUJ\&03$,QDOOWKHUHYLHZHG
VWXGLHV$0ZDVZHOO WROHUDWHG DQG DFFHSWDEOH GXH WR LWV SDODWDELOLW\ ,W LV D ORZFDORULH IRRG5HVHDUFKHUV HQUROOHG
FKLOGUHQRYHUPRQWKVRIDJHZKRGLGQRWKDYHDQH[FOXVLYHPLONGLHWDQGRUKDGPHGLXPFKDLQWULJO\FHULGHVDGGHG
Overall  data  showed  an  adequate  increase  in  auxological  parameters  measured  after  several  months  of  AM  consumption.  
)LQDOO\SRWHQWLDOFURVVUHDFWLYLW\EHWZHHQ$0SURWHLQDQG&0SURWHLQVPXVWEHFRQVLGHUHG6RPHVWXGLHVKDYHUHSRUWHG
severe  reactions  to  AM  in  their  study  cohorts.  However,  taken  together,  all  these  results  suggest  that  AM  might  be  con
sidered  nutritionally  adequate  in  infants  and  children  with  CMPA  or  multiple  food  allergies,  included  CMPA.
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INTRODUCTION
   Everyday  a  female  ass  or  donkey  produces  
EHWZHHQWROLWHUVRIPLONSHUGD\$VVPLON
(AM)   or   donkey’s  milk   has   a   long   history;;   as   a  
matter   of   fact,   its   healing   and   cosmetic   virtues  
have  been  claimed  since  antiquity,  when  doctors  
UHFRPPHQGHG LW WR WUHDW VHYHUDO DIÀLFWLRQV
+LSSRFUDWHV%&WKHIDWKHURIPHGLFLQH
prescribed   it   for   numerous   purposes,   such   as  
fevers,   edema,   wounds,   poisonings,   infectious  
diseases,  nose  bleeds  and   liver   troubles   (1).   It   is  
VDLGWKDW&OHRSDWUD4XHHQRI$QFLHQW(J\SW
30  BC),  took  baths  in  AM  to  preserve  the  beauty  
and  youth  of  her  skin.  Legend  has  it   that  no  less  
than  700  asses  were  needed  to  provide  the  quantity  
of  milk   necessary   for   her   daily   bath.  This   baths  
ZHUH DOVR SHUIRUPHG E\ 3RSSDHD 6DELQD 
$' 5RPDQ (PSHURU 1HUR¶V VHFRQG ZLIH 
3OLQ\ WKH(OGHU $' LQKLV HQF\FORSHGLF
work,   Naturalis   Historia,   dealing   with   remedies  
GHULYHG IURPDQLPDOV SURSRVHG XVLQJ LW WR¿JKW
fever,   fatigue,   eye   strain,   weakened   teeth,   face  
wrinkles,   poisonings,   ulcerations,   asthma   and  
FHUWDLQ J\QHFRORJLFDO WURXEOHV  6LPLODUO\
*HRUJHV/RXLV/HFOHUF&RPWHGH%XIIRQ
PHQWLRQVWKHEHQH¿WVRI$0LQKLV+LVWRLUH
QDWXUHOOHDQG3DXOLQH%RQDSDUWH
Napoleon’s   sister,   is   also   reported   to   have   used  
AM   for   her   skin’s   health   care.   It   was   also   used  
until   the   beginning   of   the   twentieth   century   as  
a   substitute   for   breast  milk.  Dr.  Charles  Porcher  
 RI WKH /\RQ 1DWLRQDO 9HWHULQDU\
,QVWLWXWLRQ WHVWLPRQ\ LQ  VKRZHG WKDW WKH
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practice  was   still   used,   to   a   lesser   extent,   in   the  
interwar  years  (4).
   Today  AM  is  used   in   the  manufacture  of  
VRDSVDQGPRLVWXUL]HUVEXWLWKDVEHHQUHFHQWO\UH
evaluated  for  medical  purposes,  especially  to  treat  
infants  and  children  with  cow’s  milk  (CM)  protein  
allergy  (CMPA).
   We  reviewed  international  literature,  using  
PubMed,   and   the   searching   terms   “ass’s   milk”,  
“donkey’s  milk”  and  “cow’s  milk  protein  allergy”,  
highlighting  how  AM  may  be  a  valid  nutritional  
support   for   patients   affected  with  CMPA,   and   it  
is  able  to  ensure  adequate  increase  in  auxological  
SDUDPHWHUV¿OOLQJQXWULWLRQDOGH¿FLHQFLHVRIWKHVH
VXEMHFWV
BIOCHEMICAL  PROPERTIES  OF  ASS’S  
MILK
   AM  has  been  the  focus  of  several  studies  
due   to   its   special   composition   and   nutritional  
properties,  which   are   very   close   to   human  milk.  
Whenever  a  mother  cannot  breastfeed,  or  chooses  
not   to   breastfeed,   or   the   child   is   intolerant   to  
CM,   the   use   of   human   and  CM   substitutes  may  
provide  the  best  option  to  meet  the  nutritional  and  
health   needs   of   the   infant.  AM  has   been  widely  
used   in   the  past   to   replace  human  milk,  because  
its  chemical  composition  and  protein  content  are  
close   to  breast  milk,  and  also  because  of   its   low  
allergic  potential.  AM  digestibility   is   better   than  
CM  and   similar   to   human  milk,   due   to   the   high  
whey  protein  and  the  low  casein  content,  so  it  may  
be  used  in  infants  and  children  with  CMPA.
   Guo   et   al.   investigated   the   chemical  
composition,   nitrogen   fraction   distribution,   and  
DPLQRDFLG$$SUR¿OHRIPLONVDPSOHVREWDLQHG
during   lactation   from   donkeys   in   Northwest  
China.   Results   showed   that   AM   contained  
9.53%  total  solids,  1.57%  protein,  1.16%  fat  and  
6.33%   lactose,   and   0.4%   ash   on   average,  which  
is   more   similar   to   human   and   mare   milk   than  
WR RWKHU PDPPDOV 7DEOH $OO WKH VDPSOHV
collected   throughout   lactation   showed   constant  
pH  and  density,  whereas  protein  and  ash  content  
displayed   an   apparent   negative   trend;;   lactose  
FRQWHQW H[KLELWHG DQ LQFUHDVH GXULQJ  GD\V
postpartum,   followed   by   a   decrease;;   fat   content  
showed  wide  variability,  and  variations  in  content  
and   percentage   of   casein,   whey   protein   and  AA  
were   small.   A   casein   to   whey   protein   ratio   of  
ZDV HYLGHQFHG EHWZHHQ WKH ORZHU KXPDQ
milk   and   the   higher  CM  value.   Sodium  dodecyl  
VXOIDWH3RO\$FU\ODPLGH *HO (OHFWURSKRUHVLV
(PAGE)   results   demonstrated   that  AM   is   rich   in  
ȕODFWRJOREXOLQDQGO\VR]\PH7KHSHUFHQWDJHRI
HVVHQWLDO$$LQ$0SURWHLQZDVKLJKHU
than   those   of   cow   and  mare  milk.  AM   also   had  
KLJKHU OHYHOV RI VHULQH  JOXWDPLF DFLG
DUJLQLQHDQGYDOLQHDQGD
ORZHUOHYHORIF\VWLQH
   Some  authors,  Bertino  et  al.  and  Cunsolo  
et   al.,   conducted   an   extensive   proteomic   study  
and   a   detailed   comparative   analysis   among   the  
protein  fractions  (i.e.  casein  and  whey  proteins)  of  
AM,  CM   and   human  milk.  The   detailed   protein  
composition   and   structural   features   reported   in  
these  studies  provided   insight   into   the  molecular  
UHDVRQVRI$0K\SRDOOHUJHQLFTXDOLW\7KHDOUHDG\
demonstrated  low  AM  allergenic  properties  when  
compared  with   those  of  CM  seems   to  be  mainly  
related  to  the  remarkable  differences  in  the  primary  
structure  of  their  proteins,  which  determine  deep  
divergence  between  the  amino  acid  sequences  of  
,J(ELQGLQJ OLQHDUHSLWRSHVRI&0DOOHUJHQVDQG
the   corresponding   domains   present   in   donkey’s  
PLONSURWHLQV
   In   regard   to   lipid   fraction,  AM  has   been  
indicated   as   a   nutraceutical   food   due   to   some  
bioactive   compounds,   i.e.   lipids,   which   are   able  
to   directly   or   indirectly   modify   the   intestinal  
environment  and   immunity,   taking  active  part   in  
the  prevention  and  treatment  of  some  pathologies.  
Chiofalo   et   al.   examined   triacylglycerol   (TAG)  
composition   and   the   positional   isomers   of   AM  
VDPSOHV 7KH\ LGHQWL¿HG  7$*V LQ DQDO\]HG
samples,  and  examined  similarities  and  differences  
among   the   ass   and   human   milk   TAGs   fraction.  
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AM   presents   TAGs   with   partition   number  
YDOXHV IURP  WR  ,Q KXPDQ PLON VKRUW
chain   fatty   acids   (FAs)   are   not  well   represented  
DQG WKH 31 YDOXHV UDQJH EHWZHHQ  DQG 
2WKHU VLJQL¿FDQW GLIIHUHQFHV DUH DPRQJ 7$*V
containing   polyunsaturated   fatty   acids   (PUFA).  
$0SUHVHQWVD ODUJHUQXPEHUDQGDPRXQWRIȦ
DQGȦ)$VWKDQKXPDQPLONZKLFKFRQWDLQVRQO\
VLJQL¿FDQWDPRXQWVRIȦ)$OLQROHLF$0KLJK
38)$QFRQWHQWDQGHVSHFLDOO\LWVORZQQ
UDWLRDFTXLUHVSDUWLFXODULQWHUHVWLQVXEMHFWVZLWK
CMPA.  In  addition,  both  donkey  and  human  milk  
SUHVHQW WKH VDWXUDWHG )$ SUHIHUDEO\ RQ WKH VQ
position.   This   fact,   together   with   the   relatively  
KLJK FRQWHQW RI PHGLXPFKDLQ WULJO\FHULGHV
results  in  high  bioavailability  and  digestibility  of  
$0OLSLGVGHVSLWHWKHLUORZDPRXQWDQGFRQ¿UPV
the  increasing  interest  toward  AM  as  an  alternative  
IRRGIRUDK\SRDOOHUJHQLFGLHWLQKXPDQV
   In   another   study,   8   bioactive   amines  
KLVWDPLQHW\UDPLQHWU\SWDPLQHSKHQ\OHWK\ODPLQH
cadaverine,   putrescine,   spermidine   and   spermine)  
in  13  AM  samples  were  found  by  high  performance  
liquid  chromatography  atmospheric  pressure  chemical  
LRQL]DWLRQ PDVV VSHFWURPHWU\ +3/&$3&,06
$PRQJWKHLGHQWL¿HGELRDFWLYHDPLQHVSXWUHVFLQH
spermine   and   spermidine   proved   to   be   the  most  
represented   AM   amines.   Their   concentration  
levels   in   the   present   study   were   lower   than   the  
values  found  in  mature  human,  cow  and  sow  milk  
(19).
ASS’S  MILK  AND  FOOD  
HYPERSENSITIVITY
   Food  hypersensitivity   is   one   of   the  most  
frequent   causes   of   poor   absorption   and   growth  
GH¿FLHQF\ LQ XQZHDQHG LQIDQWV LQ WKH ¿UVW IHZ
months  after  birth.  It  has  been  reported  that  CMPA  
DORQH DIIHFWV  RI WKH JHQHUDO SRSXODWLRQ
and   the   diagnostic   incidence   of   this   pathology  
LV FHUWDLQO\ LQFUHDVLQJ DV VKRZQ E\ WKH 
Table  1  &RPSRVLWLRQRIGRQNH\¶VPDUH¶VKXPDQDQGFRZ¶VPLON
Composition  of  donkey’s,  mare’s,  human  and  cow’s  milk  (g/100  g)
Composition Donkey Mare Human Cow
pH  7.18  
Total  Solids  g/100  g    
Protein  g/100g    
Fat  g/100g    
Lactose  g/100g    
Casein  Nitrogen  g/100  g    
Whey  protein  g/100  g    
1RQSURWHLQQLWURJHQJJ    
Casein  Nitrogen  %  50  
Whey  protein  % 36.96 38.79  17.54
1RQSURWHLQQLWURJHQ 15.76   
)URP*XR+<3DQJ.=KDQJ;<=KDR/&KHQ6:'RQJ0/5HQ)=&RPSRVLWLRQSK\VLRFKHPLFDOSURSHUWLHV
QLWURJHQIUDFWLRQGLVWULEXWLRQDQGDPLQRDFLGSUR¿OHRIGRQNH\PLON-'DLU\6FLPRGL¿HG
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diagnoses  recorded  in  Stockholm  in  1979  compared  
to   the   1:7.500   recorded   in   1948.   However,   it   is  
well  known  that  CM  protein  represents  only  some  
of  the  many  possible  allergens  which  can  trigger  
food  hypersensitivity  reactions.   In  fact,   there  are  
VHYHUDO ZHOOGRFXPHQWHG FDVH UHSRUWV RI DOOHUJ\
to   soy,   rice,   peanuts,   hen’s   egg   and  other   foods.  
Furthermore,   these   rarer   food   hypersensitivities  
are  known  to  be  more  frequent  in  patients  allergic  
WR &0 SURWHLQ ¿UVW WKHUHIRUH LQ WKHVH FDVHV
there   is  multiple   food   hypersensitivity,   which   is  
D YHU\ GLI¿FXOW FRQGLWLRQ WR WUHDW$OWKRXJK WKH
remarkable  progress  gained  in  parenteral  nutrition  
has  led  to  substantial  improvement  in  the  prognosis  
of  serious  multiple  food  hypersensitivity,  the  need  
to   reintroduce   alimentation   per   os   as   soon   as  
possible,  to  stimulate  the  functional  recovery  of  the  
damaged  intestine,  is  by  now  universally  accepted.  
,Q WKLV UHVSHFW EUHDVWIHHGLQJ LV FRQVLGHUHG WKH
safest   realimentation   method.   However,   it   is  
REYLRXVWKDWKXPDQPLONLVQRWRIWHQUHDGLO\DYDLO
DEOH DQG WKHUHIRUH RWKHU HI¿FDFLRXV VROXWLRQV
have  been  sought.  The  use  of  formulas  containing  
soy   protein   or   hydrolysed   protein   formulas   can,  
however,  cause  severe  hypersensitivity  reactions.  
Therefore,  the  use  of  AM  might  offer  an  important  
solution   to   treat   infants   affected   with   multiple  
food  hypersensitivity,  including  CMPA.  This  food  
has  the  basic  value  of  being  extremely  similar  in  
composition  to  human  milk  so  it  could  eventually  
represent   a   very   valid   alternative,   especially  
considering   its   ability   to   integrate   fat   intake   in  
CMPA  patients.  The   high   lactose   content  makes  
it   pleasant   for   infant,   and   also   qualitatively  
SUHIHUDEOHWRVHPLHOHPHQWDOIRUPXODVFRQWDLQLQJ
protein   hydrolysates   or   soy   formulas,   which  
contain  carbohydrates  other  than  lactose.  In  fact,  
it  has  been  proved  that  lactose  stimulates  calcium  
intestinal  absorption  and  this  could  lead  to  better  
ERQHPLQHUDOL]DWLRQLQ WKH¿UVW IHZPRQWKVDIWHU
birth.   Therefore,   it   could   be   concluded   that,   in  
areas  where  it  is  readily  available,  AM  is  certainly  
SUHIHUDEOH WR D ODFWRVHIUHH DUWL¿FLDO GLHWDU\
milk.   In   addition,   the   renal   solutes   load,  mainly  
determined  by  the  dietary  amount  of  proteins  and  
inorganic  substances,  is  substantially  very  similar  
LQ ERWK EUHDVWIHG LQIDQWV DQG WKRVH IHG ZLWK
AM.  For   this   reason   it   is  not  necessary   to  dilute  
AM  before  feeding  the  infants.  This  represents  a  
considerable  advantage,  considering  the  lower  fat,  
and  obviously  caloric,  content  of  AM  compared  to  
&0
 ,DFRQRHWDO LQ7DEOH UHSRUWHG
the  clinical  data  of  9  patients  with  multiple  food  
hypersensitivity,   including   CMPA,   treated   over  
WKH ODVW  \HDUV DQG LQLWLDOO\ UHIHG H[FOXVLYHO\
with  AM.  The  patients  presented  severe  symptoms  
of   CMPA   and   successive   attempts,   using   milk  
FRQWDLQLQJ VR\ SURWHLQ DQGRU D VHPLHOHPHQWDO
formula   in   their   alimentation,   did   not   improve  
their   clinical   condition,   due   to   the   onset   of  
hypersensitivity   to   these   allergens   as  well.  After  
a   short   period   of   parenteral   alimentation,   the  
LQIDQWVZHUHUHIHGSHURVZLWK$0P/NJ
day)   plus   medium   chain   triglycerides   (40  mL/L  
milk).  This  food  was  well  tolerated  by  all  patients.  
No  negative  clinical  reactions  were  recorded  and  
during   hospitalization   average   weight   increase  
ZDVJGD\7KHIROORZXSRISDWLHQWVVKRZHG
that  AM   was   tolerated   without   any   problem   up  
WR DQ DJH UDQJLQJ IURP  WR PRQWKV ZKHQ
CM  was  reintroduced  in  some  patients.  Thus,  the  
authors  demonstrated   that   the  use  of   this  natural  
food,   which,   in   their   experience,   has   proved   to  
be   very   useful   in   successfully   treating   the  more  
complex  cases  of  multiple   food  hypersensitivity,  
LQFOXGLQJ&03$VKRXOGEHHQFRXUDJHG
 ,Q DQRWKHU UHWURVSHFWLYH VWXG\ LQ 
7DEOHWKHVDPHDXWKRUVHYDOXDWHGWKHFOLQLFDO
characteristics   of   patients   affected   with   CMPA  
and/or   multiple   food   hypersensitivity,   including  
CMPA,   and  hydrolysed  protein   (HP)   intolerance  
DQGWKHORQJWHUPRXWFRPHRIWKHLUWUHDWPHQWZLWK
AM,   focusing   their   attention   on   its   nutritional  
value.  Intolerance  to  hydrolysed  protein  formulas  
has   been   considered,   in   the   past,   a   very   rare  
event,  but  later  reports  hypothesized  that  it  might  
not  be  uncommon;;  however,  very   few  data  have  
185
Allergy  to  Cow’s  milk  protein
been   published   about   the   natural   history   of  
&03$ VXEMHFWV LQWROHUDQW WR K\GURO\VHG SURWHLQ
milk   formulas   too.   They   reported   the   clinical  
FKDUDFWHULVWLFVRI&0DQGFDVHLQK\GURO\VDWH
&+ IRUPXODLQWROHUDQW LQIDQWV WUHDWHG ZLWK DQ
$0EDVHG GLHW DQG  &0LQWROHUDQW LQIDQWV
WUHDWHGZLWK&+PLONEDVHGGLHWDVFRQWUROV$OO
SDWLHQWV ZHUH IROORZHGXS IRU D PHGLDQ SHULRG
RI  \HDUV %RWK FDVHLQ K\GURO\VDWH IRUPXOD
intolerance   and   intolerance   to   other   foods   were  
GLDJQRVHGDFFRUGLQJWRWKHGRXEOHEOLQGSODFHER
FRQWUROOHGSURFHGXUH)RUPDO&0FKDOOHQJHVZHUH
conducted  at  yearly   intervals  until   tolerance  was  
demonstrated.   The   study   demonstrated   that   the  
patients  intolerant  to  extensively  CH  formula  had  
a  more  severe  clinical  framework  than  the  CMPA  
VXEMHFWV VXFFHVVIXOO\ WUHDWHG ZLWK &+ IRUPXODV
2QO\RIWKH&0DQG&+LQWROHUDQWSDWLHQWV
LQFOXGHGLQWKLVVWXG\DFKLHYHG&0WROHUDQFHDWWKH
HQGRIWKHVWXG\DIWHUDPHGLDQIROORZXSSHULRG
RI\HDUVZKHUHDVRI&+WROHUDQWSDWLHQWV
EHFDPH &0WROHUDQW DW WKH HQG RI WKH VWXG\
)XUWKHUPRUHWKH&+LQWROHUDQWSDWLHQWVDFKLHYHG
&0WROHUDQFHDWDPHGLDQDJHVLJQL¿FDQWO\ROGHU
WKDQ WKH&+WROHUDQW RQHV0RUHRYHU WKHKLJKHU
K\SHUDFWLYLW\RI&+LQWROHUDQW VXEMHFWV VHHPV WR
EHFRQ¿UPHGE\WKHKLJKHUIUHTXHQF\RI
multiple  food  hypersensitivity  they  exhibit  (i.e.  to  
soy,  goat’s  and  sheep’s  milk,  soy,  oranges,  tomatoes  
DQG ¿VK FRPSDUHG WR &+WROHUDQW SDWLHQWV:H
could  hypothesize,  in  general,  that  the  intolerance  
to   extensively   hydrolysed   protein   demonstrated  
in   these   patients   represents   the   epiphenomenon  
of   an   elevated   reactivity  which   is   the   basis   of   a  
more   prolonged   and   severe   food   intolerance  
KLVWRU\7ZRWKLUGV RI WKH&+LQWROHUDQW SDWLHQWV
had  high  serum  IgE  levels.  Furthermore,  in  these  
patients  the  authors  pointed  out  a  higher  frequency  
and  more  elevated   levels  of   total   serum  IgE  and  
VSHFL¿F,J(WR&0DQWLJHQVWKDQLQWKH&+WROHUDQW
VXEMHFWV:KHQHYHU WUHDWHGZLWKDQ$0GLHW WKH
VXEMHFWVJDLQHGVDWLVI\LQJZHLJKWDQGKHLJKWDQG
WKH PRUH FRPPRQ KHPRFKHPLFDO QXWULWLRQDO
parameters   returned   to   the   normal   range   after   1  
\HDURIWKH&0IUHHGLHW%HVLGHVWKHDXWKRUVGLG
not  observe  any  difference   in  growth  parameters  
GXULQJWKHIROORZXSSHULRGEHWZHHQWKH$0DQG
WKH&+PLONWUHDWHGJURXS7KLVODVWUHVXOWLVYHU\
VLJQL¿FDQWDVLQWKH&+PLONWUHDWHGJURXSRQO\
14%   patients   showed  multiple   food   intolerance,  
whereas  all  infants  treated  with  AM  had  multiple  
food   intolerance   and   this   greatly   limited   food  
choice.  The  study  demonstrated  that  AM  is  a  safe  
VROXWLRQHYHQLQLQIDQWVLQZKRPK\GURO\VHGPLON
IRUPXODVKDG IDLOHG)RU WKH ODWWHU/DPLQRDFLG
based   formulas   have   been   recently   used   and  
achieved   good   results,   providing   satisfactory  
growth   recovery.  However,   the  authors  observed  
similar   excellent   nutritional   results   using  natural  
milk,   AM,   which   is   certainly   more   palatable  
than  the  elemental  formulas  and  is  similar,   in   its  
biochemical  composition,  to  human  milk.  Finally,  
it   must   be   considered   that   hydrolyzed   formula  
products   have   an   unpleasant   taste   and   are   quite  
expensive,  so  the  use  of  AM  might  be  encouraged  
LQ&03$&+WROHUDQWVXEMHFWVDOVR
 0RQWL HW DO LQ  7DEOH ZLWK D
prospective  study,   investigated  in  vivo  tolerance,  
palatability  and  nutritional  adequacy  of  AM  in  a  
population  of  46  infants  and  children  with  CMPA  
and   other   food   allergies   (mainly   soy,   wheat,  
HJJ DQG ¿VK IRUZKRPPDWHUQDOPLONZDV QRW
available   and   no   available   CM   substitute   could  
be  used.  CMPA  was  diagnosed  on   the  basis  of  a  
&03HOLPLQDWLRQGLHWIROORZHGE\GRXEOHEOLQG
SODFHERFRQWUROOHG IRRG FKDOOHQJH '%3&)&
Before   food   challenge,   CM   proteins   skin   prick  
WHVWVDQG5$67ZHUHDOVRSHUIRUPHG7KLUW\WKUHH
FKLOGUHQ&0SURWHLQ637DQGRU5$67SRVLWLYH
ZHUH IRXQG WR KDYH DQ ,J(PHGLDWHG &03$
WKH UHPDLQLQJ  ZHUH FODVVL¿HG DV QRQ,J(
mediated  CMPA.  AM   challenge   proved   positive  
in   8   children   (17.4%),   whereas   the   remaining  
  ERWK OLNHG DQG WROHUDWHG$0 DW WKH
FKDOOHQJH DQG WKURXJKRXW WKH IROORZXS SHULRG
7ZHQW\VL[RIWKHFKLOGUHQZLWK,J(
PHGLDWHG&03$DQGDOOFKLOGUHQZLWKQRQ,J(
PHGLDWHG&03$ WROHUDWHG$0&DWFKXSJURZWK
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LQWHUPVRIOHQJWKVWDWXUHDQGZHLJKWDQG=VFRUHV
for   length/stature   and   weight   increases)   was  
REVHUYHG LQ DOO VXEMHFWV FKDUDFWHUL]HGE\JURZWK
GH¿FLW GXULQJ &0 SURWHLQ FKDOOHQJH ,J( FURVV
reactivity   intensity  YHUVXV  AM  proteins  was  very  
ZHDNDQGDVSHFL¿F7KHUHIRUH$0ZDVIRXQGWR
be  a  valid  alternative,  both  in  terms  of  palatability  
DQGZHLJKWKHLJKWJDLQLQ,J(PHGLDWHGDQGQRQ
,J(PHGLDWHG&03$
 9LWD HW DO LQ  7DEOH UHO\LQJ RQ
the  frequent  association  between  CMPA  and  atopic  
dermatitis,   followed,   in   frequency,   by   urticaria/
angioedema,  gastrointestinal  symptoms,  wheezing  
DQGDVWKPDFDUULHGRXWDFURVVRYHUUDQGRPL]HG
FRQWUROOHGWULDOWRREMHFWLYHO\FRPSDUHWKHWROHUDQFH
of  AM,  with  goat’s  milk  (GM),  used  as  the  control,  
in  order  to  evaluate  AM  in  the  treatment  of  CMPA  
related   atopic   dermatitis.   GM   was   chosen   as  
the   control   since   it   is   still  widely  used   as   a  CM  
substitute  in  clinical  practice.  In  several  countries  
GM   is   available   and   recommended   by   some  
physicians,   for   infants   and   young   children   with  
&03$ 7ZHQW\HLJKW FKLOGUHQ ZLWK &03$ DQG
AD  were  enrolled  in  the  study.  The  children  were  
randomized  to  AM  or  GM  diet  for  6  months,  then  
switched  to  the  other  milk  for  a  further  3  months.  
Table  2$VV¶VPLONLQWKHWUHDWPHQWRIFRZ¶VPLONSURWHLQDOOHUJ\DQGRWKHUVIRRGDOOHUJLHV
Reference  
number  in  the  
text
Author Year  of  
Publication
Clinical  
presentation
Cases  number Age  
(month  
range  )
Cow’s  milk  
hypersensitivity
Hydrolyzed  formula  
hypersensitivity
Soy  milk  
hypersensitivity
Goats’  milk  
hypersensitivity
Ass’  milk  
hypersensitivity
Auxological  response  
after  ass’s  milk  
treatment
 Iacono  G.  
et  al.
 Diarrhea,  
abdominal  
pain,  vomiting  
and  growth  
retardation
9  unweaned  
infants  with  
CMPA  and  other  
food  allergies
 9/9  (100%) 9/9  (100%) 9/9  (100%) Not  determined 0/9  (0%) 9/9  (100%)
 Carroccio  
A.  et  al.
 Diarrhoea,  
abdominal  pain,  
vomiting
*URXS$
cow  milk  and  
hydrolyzed  protein  
intolerant  patients
Group  B:  70  cow  
milk  intolerant  
patients
Total:  91
 *URXS$
(100%)
Group  B:  70/70  
(100%)
Total:  91/91  
(100%)
*URXS$
*URXS%
Total:  41/91  (45%)
Not  determined Not  determined *URXS$
Group  B:  not  
determined
*URXS$
Group  B:  not  determined
 Monti  G.  
et  al.
 Cutaneous  
symptoms,  
gastrointestinal  
symptoms  
and  growth  
retardation
46  CMPA  patients  46/46  (100%) 7/46  (15%)
39/46  refused  
hydrolyzed  formula
35/46  (76%)
11/46  not  
determined
Not  determined 8/46  (17%) 
8/46  (17%):  not  
determined  due  to  AM  
hypersensitivity
5/46  (11%):  not  
GHWHUPLQHGGXHWRIROORZ
XSGURSRXW
 Vita  D.  et  
al.
 Atopic  dermatitis &03$SDWLHQWV   Not  determined Not  determined 
'URSRXW

'URSRXW
Not  determined,  but  
improvement  of  atopic  
dermatitis
 Tesse  R.  
et  al.
 Cutenous  
symptoms,  
gastrointestinal  
symptoms  and  
respiratory  
symptoms
&03$
patients
  Not  determined Not  determined Not  determined  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The   SCORAD   index   (SI)   and   a   visual   analogue  
scale   (VAS)   were   blindly   evaluated.  At   the   end  
of   the   study,   food   challenges  with  GM   and  AM  
ZHUHSHUIRUPHG$Q6'63$*(DQDO\VLV RI WZR
different  milks  was  performed.  Two  children  from  
the   GM   group   dropped   out   after   randomization  
DQG  FRPSOHWHG WKH VWXG\ $0 LQYDULDQWO\
OHG WR D VLJQL¿FDQW LPSURYHPHQW RI 6, DQG9$6
V\PSWRPV SYV EDVHOLQH DQG LQWHUJURXS
whereas   GM   had   no   measurable   clinical   effect.  
$W WKH HQGRI WKH VWXG\RI  FKLOGUHQKDG D
SRVLWLYHIRRGFKDOOHQJHZLWK*0YHUVXVRQHRI
with  AM.  In  other  words  the  study  indicates  that  
AM  is   tolerated  by  88%  of  children  with  CMPA  
DQG SURGXFHV D VLJQL¿FDQW LPSURYHPHQW LQ$'
On   the   contrary,   symptoms   remained   unchanged  
or  even  worsened,  in  all  patients  receiving  GM.  In  
particular,  all  children  previously  on  an  AM  diet  
had  a  relapse  of  AD  after  switching  to  GM.Of  note,  
DWWKHHQGRIWKHVWXG\WKHPDMRULW\RIWKHFKLOGUHQ
had   a   positive   DBPCFC   for   GM   too,   although  
QRQHRIWKHPKDGEHHQSUHYLRXVO\IHGZLWK*0
containing   foods.  We   speculate   that   this  may   be  
GXHWRWKH*0SURWHLQSUR¿OHZKLFKLVTXLWHVLPLODU
WR&0DVFRQ¿UPHGE\6'63$*(DQDO\VLV7KLV
ZDVQRWWKH¿UVWUHSRUWGRFXPHQWLQJWKDW(TXLGDH
Table  2$VV¶VPLONLQWKHWUHDWPHQWRIFRZ¶VPLONSURWHLQDOOHUJ\DQGRWKHUVIRRGDOOHUJLHV
Reference  
number  in  the  
text
Author Year  of  
Publication
Clinical  
presentation
Cases  number Age  
(month  
range  )
Cow’s  milk  
hypersensitivity
Hydrolyzed  formula  
hypersensitivity
Soy  milk  
hypersensitivity
Goats’  milk  
hypersensitivity
Ass’  milk  
hypersensitivity
Auxological  response  
after  ass’s  milk  
treatment
 Iacono  G.  
et  al.
 Diarrhea,  
abdominal  
pain,  vomiting  
and  growth  
retardation
9  unweaned  
infants  with  
CMPA  and  other  
food  allergies
 9/9  (100%) 9/9  (100%) 9/9  (100%) Not  determined 0/9  (0%) 9/9  (100%)
 Carroccio  
A.  et  al.
 Diarrhoea,  
abdominal  pain,  
vomiting
*URXS$
cow  milk  and  
hydrolyzed  protein  
intolerant  patients
Group  B:  70  cow  
milk  intolerant  
patients
Total:  91
 *URXS$
(100%)
Group  B:  70/70  
(100%)
Total:  91/91  
(100%)
*URXS$
*URXS%
Total:  41/91  (45%)
Not  determined Not  determined *URXS$
Group  B:  not  
determined
*URXS$
Group  B:  not  determined
 Monti  G.  
et  al.
 Cutaneous  
symptoms,  
gastrointestinal  
symptoms  
and  growth  
retardation
46  CMPA  patients  46/46  (100%) 7/46  (15%)
39/46  refused  
hydrolyzed  formula
35/46  (76%)
11/46  not  
determined
Not  determined 8/46  (17%) 
8/46  (17%):  not  
determined  due  to  AM  
hypersensitivity
5/46  (11%):  not  
GHWHUPLQHGGXHWRIROORZ
XSGURSRXW
 Vita  D.  et  
al.
 Atopic  dermatitis &03$SDWLHQWV   Not  determined Not  determined 
'URSRXW

'URSRXW
Not  determined,  but  
improvement  of  atopic  
dermatitis
 Tesse  R.  
et  al.
 Cutenous  
symptoms,  
gastrointestinal  
symptoms  and  
respiratory  
symptoms
&03$
patients
  Not  determined Not  determined Not  determined  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milk  (milk  derived  from  the  taxonomic  family  of  
horses   and   related   animals   including   donkeys),  
could  be  an  appropriate  alternative  to  CM,  but  is  
WKH¿UVWGHPRQVWUDWLRQWKDW$0LVEHWWHUWROHUDWHG
than  GM,  which  is  still  widely  used.  In  conclusion,  
our   revision   results   suggest   that  GM   should   not  
be  used   in  children  with  CMA  and  AD,  whereas  
AM,   if   available,   may   be   an   effective   and   safe  
DOWHUQDWLYH
 7HVVHHWDOLQ7DEOHHYDOXDWHG
children  with   suspected  CMPA.  They  underwent  
VNLQSULFN WHVWVXVLQJ IUHVK&0$0SHDU MXLFH
DQG RWKHU FRPPRQ IRRG DQG DHURDOOHUJHQV DQG
GRXEOHEOLQGSODFHERFRQWUROOHGIRRGFKDOOHQJHWR
&0SURWHLQV$IWHU FRQ¿UPLQJ&03$GLDJQRVLV
patients   received   fresh   AM   in   open   challenge.  
6SHFL¿F VHUXP &0 DQG $0 SURWHLQ ,J( DQG
blood  biochemical  parameters  were  also  assessed.  
Auxological  evaluations  (standing  height,  weight  
DQG%0,ZHUHHYDOXDWHG LQDOO VXEMHFWVDWHQWU\
DQGDIWHUPRQWKVRI$0 LQWDNH7ZHQW\¿YH
children   were   considered   suitable   for   the   study,  
DQGRXWRIVXEMHFWVWROHUDWHG$0DW
WKHIRRGFKDOOHQJHKDG,J(PHGLDWHG&03$
DQG  KDG QRQ,J(PHGLDWHG GLVHDVH ,Q FDVHV
of   clinical   tolerance,   AM   was   included   in   the  
child’s   diet,   which   was   appropriately   balanced  
depending  on  age  demand.  Auxological  data  in  all  
patients   improved  by   the  end  of   the  study,  while  
blood  biochemical  parameters  did  not  vary  during  
WKH IROORZXS7KHVHGDWDFRQ¿UPDKLJK UDWHRI
AM   tolerance   in   children   with   moderate   CMPA  
symptoms,  and  demonstrated  that  AM  seems  to  be  
QXWULWLRQDOO\ DGHTXDWH LQ VXEMHFWV RQ D UHODWLYHO\
IUHHGLHW
 3LOOD HW DO LQ  H[DPLQHG K\JLHQLF
DQG KHDOWK FKDUDFWHULVWLFV RI  KDOIXGGHU$0
samples,   determining   somatic   cell   count   (SCC),  
bacteriological   analysis   and   total   bacteria   count  
7%& 7KH PDMRU SDWKRJHQV ZHUH WHVWHG IRU
antimicrobial   susceptibility,   and   Staphylococcus  
DXUHXV LVRODWHVZHUH IXUWKHU JHQRW\SHG E\ QDQR
array  analysis.  Whey  lysozyme  and  NAGas  (NAG)  
activities   were   also   assessed,   they   showed   very  
ORZ7%&&)8PODQG6&&FHOOV
ml)  values  and  a  minor  prevalence  of  pathogens:  
Staphylococcus   aureus  was  only   isolated   from  5  
milk  samples  (3  animals),  Streptococcus  equi  from  
 VDPSOHV DQG 6WUHSWRFRFFXV HTXLVLPLOLV IURP D
single   sample.  All   the   isolates   were   sensitive   to  
all  antibiotic  classes  used  in  veterinary  medicine.  
None   of   the   Staphylococcus   aureus   isolates  was  
found   positive   to   harbor   genes   coding   for   any  
HQWHURWR[LQ WR[LFVKRFN V\QGURPH WR[LQ RU
antibiotic  resistance.  Lysozyme  levels  were  always  
YHU\KLJK8POZKLOH1$*YDOXHV
were  mostly  low  (<50  U/ml),  during  the  last  part  
RI ODFWDWLRQ 7KH UHVXOWV RI WKLV VWXG\ FRQ¿UPHG
the  low  prevalence  of  intramammary  infections  in  
GRQNH\VDQGWKHDEVHQFHRIIRRGERUQHSDWKRJHQV
suggesting   that  AM   could   be   a   safe   food,   if   the  
mammary   gland   is   healthy   and   the   animals   are  
PLONHGLQSURSHUK\JLHQLFFRQGLWLRQV
   In  contrast  to  the  above  mentioned  study,  
&RQWH HW DO LQ  GHVFULEHG LVRODWLRQ RI WZR
Enterobacter  sakazakii  (Es)  strains  from  50  samples  
RI$0LQ6LFLO\7KHDQWLELRWLFUHVLVWDQFHSUR¿OHRI
WKHLVRODWHVUHYHDOHGDPXOWLSOHUHVLVWDQFHSUR¿OH
LQFOXGLQJ ÀXRURTXLQRORQHV FRPPRQO\ XVHG WR
WUHDWDQLPDOLQIHFWLRQV,QWKH,QWHUQDWLRQDO
&RPPLVVLRQ IRU 0LFURELRORJLFDO 6SHFL¿FDWLRQV
for  Foods  (ICMFS)  ranked  Enterobacter  sakazakii  
(Es)  as  a  ‘severe  hazard  for  restricted  populations,  
life  threatening  or  substantial  chronic  sequelae  of  
long  duration’.  Es  (‘yellow  pigmented  Enterobacter  
FORDFDH¶KDVEHHQIRXQGDPRQJWKHFRPPRQIRRG
born  pathogens,  such  as  Listeria  monocytogenes,  
etc.  The  genus  Enterobacter  was  associated  with  
WKH SK\WLF ÀRUD DQG LW ZDV VXSSRVHG WKDW WKH
principal   environmental   sources  of  Es   are  water,  
soil  and  vegetables,  and  a  secondary  contamination  
PHGLDPD\EH YHFWRUV VXFK DVÀLHV DQG URGHQWV
nevertheless   the   organism   is   considered  
ubiquitous.   Es   infection   cases   were   reported   in  
several   countries.  Neonatal   infections   have   been  
reported  to  arise  via  birth  canal  Es  contamination  
RU WKURXJK SRVWELUWK HQYLURQPHQWDO VRXUFHV
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Many  neonatal  meningitis   cases  may  have   some  
relationship  with  necrotizing  enterocolitis,  which  
is  associated  with  several  bacterial  pathogens  and  
is   the   most   common   newborn   gastrointestinal  
disease.   Neonatal   pathologies   also   include  
bacteraemia,   wound   exudates,   appendicitis,   and  
FRQMXQFWLYLWLV LQ DGXOWV WKH RUJDQLVP XVXDOO\
causes   bacteraemia.   Intrinsic   Es   and   Salmonella  
contamination  of  powered  infant  formula  can  be  a  
cause  of  infection  and  illness  in  infants,  including  
severe  disease  which  can  lead  to  serious  sequelae  
and  death.  No  link  has  been  established  between  
illness   and   other   microorganisms   in   powered  
formula,   although   such   a   link   was   considered  
plausible  for  other  Enterobacteria.  Therefore,   the  
authors  pointed  out  survey  importance  because  in  
Italy  AM  is  used  as  one  of  the  possible  solutions  
for  infants  with  hypersensitivity  to  some  animals  
PLONSURWHLQV7KLV LV WKH¿UVW UHSRUW RI(V IURP
AM  and   their   recovery   is   noteworthy,   especially  
because  infants  consume  raw  milk.  The  uncertainty  
about   Es   infectious   dose   and   its   antimicrobial  
suVFHSWLELOLW\SUR¿OHZRXOGEHUHDVRQVIRUFDXWLRQ
on  this  topic.  A  full  risk  assessment  of  the  organism  
will   require  greater  knowledge  of   its  presence   in  
food,  especially  those  consumed  by  neonates  and  
infants  (30).
CONCLUSIONS
   In   all   the   above   reviewed   studies,   the  
authors   reported   experiences   of   clinical   AM  
extremely   high   tolerance   at   the   food   challenges  
conducted  in  Italian  Regions,  i.e.  Apulia  and  Sicily,  
where   AM   is   readily   available   and   frequently  
used  because  of  the  presence  of  several  ass  farms.  
AM  was  tolerated  by  the  patients  either  with   the  
,J(DQGQRQ,J(PHGLDWHG&03$7KHHQUROOHG
VXEMHFWV JHQHUDOO\ IRXQG$0 DFFHSWDEOH GXH WR
its   palatability,   and   did   not   interrupt   the   studies.  
Therefore,  AM  might  be  considered  an  alternative  
to  CM  considering  that  its  protein  composition  is  
VLPLODUWRKXPDQPLON+RZHYHULWLVDORZFDORULH
food   and   thus   in   some   studies   the   researchers  
enrolled  children  older  than  6  months,  who  did  not  
KDYHDQH[FOXVLYHPLONGLHWDQGRUDGGHGPHGLXP
chain  triglycerides  to  the  diet.  Overall  data  showed  
an   adequate   increase   in   auxological   parameters  
(i.e.   weight,   length/stature   and   BMI),   measured  
after   several  months   of  AM   administration.   It   is  
possible  to  argue  that  the  effect  of  AM  on  growth  
LVUHODWHGWRLWVDELOLW\WR¿OOVRPHQXWULWLRQDOJDSV
SUHVHQW LQ WKH GLHW RI WUHDWHG VXEMHFWV+RZHYHU
DOO WKH VWXGLHV VXJJHVW WKDW D ORQJHU IROORZXS
is   needed   in   order   to   achieve   reliable   results.  
Moreover,   during   and   after   AM   administration  
period,  patients’  biochemical  and  metabolic  blood  
parameters   did   not   vary.   Finally,   AM   proteins  
SRWHQWLDO FURVVUHDFWLYLW\ZLWK&0SURWHLQVPXVW
be  considered,  suggested  by  the  above  mentioned  
studies   that   sometimes   reported   severe   reactions  
to   AM   in   their   study   cohorts.   However,   taken  
together,  all   these   results   suggest   that  AM  might  
be   considered   nutritionally   adequate   in   children  
with   CMPA   or   multiple   food   allergies   included  
CMPA.
   To   date,   however,  AM   costs  much  more  
than   CM   and   hydrolysed   formulas,   making   this  
food,   especially   for   poorer   patient   families,  
GLI¿FXOWWRDFFHVV)RUWKLVIXUWKHUVWXGLHVZRXOG
EH QHHGHG WR FRQ¿UP $0 XVHIXOQHVV LQ ¿OOLQJ
the   nutritional   gap   of   CMPA   patients   and   make  
it   considered   among   medicaments   approved   by  
public  health  services.  Another  critical  point  which  
should  be  stressed,   is   lack  of  easy  availability  of  
AM   even   in   countries   where   donkeys   are   very  
common;;  this  could  be  explained  both  because  of  
history   of   these   animals,   usually   used   for   heavy  
ZRUNV HVSHFLDOO\ LQ WKH ¿HOGV EXW DOVR WR WKH
GLI¿FXOW\LQ¿QGLQJWKHNQRZOHGJHDQGUHVRXUFHV
to  a  farm  for  food  supply  porpoise.  To  this  should  
be  added  lack  of  knowledge  among  the  population  
about  AM   nutritional   characteristics   and   its   low  
PDUNHWV¶GHPDQGDOVRUHODWHGWRVXEMHFWLYHDVSHFWV
of   consumers,  who   consider   as   poor   palatability  
the   products   derived   from   donkey   die,   although  
not  having  them  ever  tasted.
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